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^= (54) Title: METHOD OF INDUCING GROWTH OF NERVE STEM CELLS 

^ (54) mwcDZfr: tt&&mm<Dmmmm7j& 



(57) Abstract: It is intended to provide a method of efficiently inducing the growth of nerve stem cells, which are most important 

in transplantation therapy for nerve damage and neurological dysfunction, either in vitro or in vivo, a method of using the nerve stem 
cells obtained by the above growth induction method, etc. A mammalian nerve tissue containing nerve stem cells is separated and the 
nerve stem cells are selectively cultured in a medium containing growth factors such as EGF and FGF. Next, the nerve stem cells are 
co-cultured with dendritic cell such as an immature dendritic cell subset having a CD1 lc surface marker on the cell surface, spleen 
cells or blood cell-type cells such as CD8-positive T cells. Alternatively, the nerve stem cells after the culture are further cultured in 
^ the presence of GM-CSF or the nerve stem cells after the culture are ftirther cultured in a culture supernatant of dendritic cells or a 
culture supernatant of blood cell-type cells. 
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m m m 

U5, i^i^tbT, MV^MTfc, 

#«t3assfR (Sfcttffiteao *»*ens. -LfB*mw£©&s, »fc 

5gi&IM©Qfc#te, <gfc# 0^Ait#n©l£±^QOL (Quality of Life) 

fnO'*St*4 ( N. Engl. J. Med. 322, 1405-1411, 1990, J. 
Neurpsurg 93, 1-7, 2000)» ^fP-f H M © * Tf tt * ^ 7 U H - % -/ ° 

>©^S^#^#it»^f-#-5 W^^4K©3fcHK:W$iTa&S iiSBB^tt 
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TV>5 (J. Spinal Disord. 5(1), 125-131, 1992) . b/^b&^£, X T" O 
-f FflJ©;fc««#«£#WBIfeffifcft<5li|ib* => > b n-;W#»bV> 

TS^.i»SnT^5. £Jli©«icS«E*T, #«L«#fc^-rsWS&3S: 

hnt-Mwi^ b#-r >^<fco mmm^nrcnmmm^mm^^u 

(CNS) * ©»««ffiK:, i&*±#8&fc**8M*?"*:£JS C«r 
g 2 0 0 0 - 5 0 3 9 8 3 ^, pg«©]*t«:*&ttlfl& ^ 

(CNS) iC^^t-^C fcfc.k0, «fll*CNSl:*lt5tt« 
ttH^H^Sdiji^S^te (J. Mol. Med. 77, 713-717, 1999, J. Neurosci. 
19(5), 1708-16, 1999 , Neurosurgery 44(5), 1041-5, 1999, Trends. 
Neurosci 22(7), 295-9, 1999, 1 1 - 1 3 3 7 0 #&*fc£> T 

Ssfc, Wflll^SI^Ji^WT?****, spinal cord homogenate £ «k 
* vaccination myelin basic protein fctt»«&T 

amis itiao, »ii»*«©»»*i#©iEitt*ieji3tt& 

< h©$g^ 5 b&£*lT^£ (Neuron 24, 639-647, 1999, Lancet 354, 
286-287, 2000) o 

t5^>y >ii:^UT, |!&iBOJiaiWII!a^*Jc«J;SB5flcttaft^fTt> 
tlfc (Piccini P., et al., Nat Neurosci., 2, 1999, Freed C.R., et al., N. 
Engl. J. Med., 344, 2001) c #J&**feK:J:?K 8 0 
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1 9 9 2 ^ Weiss S> <D>f)\'-7\~& Q ~ - U X y x. T 
(neurosphere) ftfcV^ #«#IBMl©aJRW***« , W» £ - 

WS#fflJI&©WSfc»:fc£fr£SBi£iffl*-fc (Reynolds B.A, et al. 
5 J. Neurosci., 12, 1992) . ft ft ft fl! Ml ftHrtf ffl ft , ^^{EilH^ft 

ffi^, (Dendritic Cell: DC) fct it JfiH&M S * ©It&tfc 

tt©Si^fiot^?>(Anii. Rev. Immunol. 9, 271-296, 1991, J. Exp. 
20 Med. 185, 2133-2141, 1997) . 

25 ^^l&ftflJfflt-§£ t^^M^n^feTViS (J. Exp. Med. 183, 7-11, 

i996) 0 tot)»t, ii^li^s^^i^btttiitcKi^/^v 
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• itflt*rsjit^'r#ssB«»ti tragic, ~ 

>ffc^:Wj|i*©iWJfe-e»* (Temple S., Nature, 414, 2001) o ifi¥t^T 

io n£ffiti&&^j&Amiz&^x%nm&Mm&w&'?%> nt^s^i: 

Jit), 3 6fcb h#«*MBI6©#*, P $J#PJtg K ft: , #| 

Mt£tircmti&&&mir%>mm&, z&-gt£tewmmm.tzttVTftt>nx 

20 wanted >tf K n#"r#i^&< if 

■?> d. <h Kl $> ■€> <> 

^ <£> §f! ^ 
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7 -i;3DZ-fjtBf (GM-CSF) £ 
JlSt ©##«fc J:^-r >tf h DT©#*£#*HI&©*t§fliHB#;8*£je'*"5 - 

m-c s f) ©^^< fc*>v>rn^-*fc»tt3**££*4*mfc-r* 

jfil^«, lt«-?^n77-^3D--»Bf (GM-CSF) 
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4) m-&m^^^ts^mmm^. w<tt>EGF^/x»FG 
cd 1 1 c ©giT-jii-sfts^^ffl^^y K x\tm 

X«Iti--7^D7 7-^3D--MBf (GM-CSF) 

h o) WKWua* 1 * ■mb^cd i i 
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p u y T -^n n --fiJ^Hf (GM-CSF) &m9Jif&ft ^ ^ 

ttSttiMXa#lit^i^I©fei*^ 6) » 

7) Itt»-7^D77-V3n=-JWt8f (GM-CSF) « 

^tSIi£tft1-5lSloM^ 0***1 8) fcHtS. 

ttlBtt* «»WW©Mu s a s h i - llirtt*fflfla^^thM(7) 

mag. wn£ & t & 3 o 

i2@», ttTttWUfc (DC), RPMI 1 6 4 0 (RPMI) 
tl^nic^ttS, taMu s a s h i - 1 £t#&Jl 

f 3@», 'wttiHJfi, R P M 116 4 o^tet^n^nfc^tta* M 
u s a s h i - 1 Bttiffl)ISftOfi*SiJOfi^W^*^0'r*5. 

A : m%'& 1 4 B I ©»*iii*»fc*»t*ttH u tn!B r d U 
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d : nm^i^ 3>hD-KJ&§RPMi 1 6 4 o ^mm^n^n \Z 

A : Jl^m4^r^(Dlt^lfflM^fe^^^^^>> Mft&hU—*- BDA 
bfegelform^r^To 

B : m.m'& 4 >r B & ^ > hD-JVTS^RPM 1 1 6 4 Og^t^M-^tt 

§4.^^MJa(DBD A|^tt©#M^£^1~ft^^frT'&£o 

C : »^^4^^©#^«ffl^«W^*5^^4'^W^®CDBDAii F tt© 

#:**£^"r!aX&3o ^n^n^^f b^c 4well ©¥^{fi^^bfeo 

1 0 5 i (1 0 6 fli/m 1 ) primary — =l — D X 7 ^ 7£^J&bfc# 

M^^lia 1 0 0 jH <h 7 SFBl^^^bfe^-a©, secondary — a.— D7 7 
(H^ 1 0 0 vmU-t) Jg^»*St0*e**. 
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5 -nX7x7<£>¥^fii:£*bfc° 

mi lBtt, trtKM i o 5 j@©^*-h?» ( i o 6 «g/m i ) 

primary -a - D X 7 -f 7 &JBlfc b&W«tt»ll6 1 0 0 ft 7 0 M«« 
bfc»£r<£>> secondary ^a-n77^ 7 (Etft 5 0 nm^_h) 

10 GM-CSFS^tOMusashi-lTOll® 

f£l 3®te> GM-CSF^t0Mu s a s h i - 1 NtttfHifi8c0> 
m Bf W 25 ft £ St0 T? * £ o 

15 bfc®T&£o 

a:Musashi-lS#. BrdU^tft, GFAP*ift©3life 

c :Musashi-l ( + ) BrdU ( + ) GFAP (-) 

m 1 5 0te> #f£j£^^7 0g©CDl 1 c Wi&fflWiMM&MtiT VTc 
a : HMttMOGM-CS F&#K:£r), »«IBJ»ft*«*iO*r S d t 
25 b : S^fitttCD 1 1 cWttoWttflfttfBfc&ttSCfcftw-rH 
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d : GM-CSF8mD*ifcCD 1 1 c 

a : 14HS KI* § trCH u ta# (S), iaB r d XJ&fc (#) * 

b : liil 4BIK*»*Hulltt^B r d U»tt©»r £2 nfc# 

)ii7H«. mmm cmcao) 4 stoo^^ttcm 

i2 1ift H8i®S (MC AO) 4 8KH«*fcil«M-*fP»b. TU 
NE L^feia DJK«S%#fiS« (penumbra) t£tt3T# b— 

^2 2ia«, K«S (MCAO) 4 8WrlB*fcKWH-*fls«b, OX 
4 2 tttt V* <fc (penumbra) £43 W Sigttfl^-f * 

hj s mjg-r & * & © ^ 
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r— u-—mmm^ (gm-csf) ©4>&< th^-rn^ tmm 

c s F*>6ians^&< tt^tn^-tt, DMEM/F 1 2#ifi 

*#«»MiBiei*flifliii#-r*^i***if ±b# 

JrfEj&ftH^bTta, Ji^itmH^ (EGF), 
25 SHf (aFGFXttFGF-1), ffiStt^ffiH^aili&jfcgH^ (b F 
GFXttFGF-2), b 9 >X 7;*-^ >^j5£fiH^a (TGFtt), 

1 1 
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yyy j ^-t;vu> (btc), xt!i/^^.u> (er), 

A/V«J >«^EGFi**Bf <HB-EGF), #M!tM E&*timH 
^ (SDGF) fS{«JSt5ut^Tf, tT^EGF^FGF^Iifl 

GF^FGFfOI^SBfOit- h7>X7x'J>, -f > $/ a. U > 
(Insulin), l^/«f>S£, 7 9 7\>>* ^>*-n^*>^<£, « 

±f3HW«<*: ITS, WiltCD lie (DH®-?-#-£W-r 

NT- 3 fciPTLT, • «?E#»<Z> 

MWCNTF (Wi^iHf). ?^P^'J7^^77-^ 
S*OlBI&|»*tt««©«[tH©«I«ffffl**^*TGF - 0 1 , 

tt8m&stt*-rs i l - 6 s5g^-rs*^B«J««BJ!au-^-fey N 

T-3£iP;tT, CNTF, TGF-J81, I L-6, 

Bft 6 tlT V»* E G F t *at * «»»«iB*^t y h***sn*. 

gfc, ±B*KJ»«rtt«filJ-^-fey h£bT, LPS, IL-1, TNF 
- a, CD 4 0 L^©*^»»«*fflIiaS^M$1i:«fc*©jW*^®^^ 
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±fB]fo.^M£ ltd BMJl^ Ti^J^. £?4>S£, 
l*^ilfflj^^b< «iinCi|ffl]^<Z)^*±m, X(iGM-CS F<D'pt£< t 
tbtft iiffi]§£^®£ C D 1 1 c OtS^-^-^Wt^^Mt^i 

mv-7±y k ^^^\tm^f^mm^m^iz^mr^^mm^mm.^^ 

-feybftW£b<, JkS^iMi: ITS, THUS* 

1 3 
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mtf^smtteZo GM-cspi4*m©»i*^^*fc 
is^k phisij, mmm. ^mitn, mmmmn. 

MlIt'"Xftl:t« 4«6fi»OBALB/c »SVW4C 5 7 B 
L/6liJS!»^tf*I**<fcB* CD 1 1 c W,&<DV7± v 

if (Worthington Biochemical Corporation %t) ICT^^v 5 ^^ 

- h bfem, $HlUfc< V»*IH«#S2 SK4 0 0 U/m 1 
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Hibfc, #5nfcifi*3 5XBSA*«fti*l«tt, *i&« + "C 
^}:RPMIl 6 4 0 + 1 0 %Mii^tS^fct, 4<C, 30 
OOrpm, 3 0»MI(>t. 3 5 %B SAlltRPM I 1 6 4 0 + 

^u.cd i i c «jKte#-r*at«ii-x*^ i E/^o-^^«#(2 

XlO^-X, Miltenyi Biotec ft) fc4TCKT, 1 5»WR«*^ 

4«6«»«)BALB/c»*^ttC 57BL/6YW^^ X 

*»«=E5*^^Xftff«bfc. Sif^tRPMI 1 6 4 0W 
XliMl^t'-XSCTCDllc ( + ) o^^sv-b 
T*£fcK:J:oT#&nfc#*IWtt [1X1 0 5 <B/"^X] £#f5ti* 

fca&, *n5€Mt*Mu s a s h i - 1 v>T, 

7 B©»tt«I&iMi^**l"<'^ 2 X^57*^7^k FT! ft 

a#ibTR79XMu s a s h i - 1 tt#*fUfl bfcftM**^* 
ffofeoMu sashl-lB 1 9 9 4*C Okano 6fcJ:0HJfc«nfc 
^|D38kDa0RNA^^>/^t^D (Neuron, 1994), V 

?x©mu s a s h i - i\zi$^%*;zu-+)vmw*m^m%x-z 

»#«#lift/»K«l«SlC«i<»8l-r*!li:«««ft*nTVia (Dev. 
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Biol. 1996, J. Neurosci. 1997, Dev. Neurosci. 2000) . thSfl^^^M b 
Tit 2>&l~%^fr S e 1 f o am y <-? » © 

5 fe (II #M)o 

ttlfflJ&S^fc&^T, SiiM, ^tfelCMu s a s h i - 1 
10 Vfr-ofco 

&£Mu s a s h i - 1 »te«HII&£lB4&#*Tg« (Flovel ft) v> 
TJ£*Wfc#*rbfc. 03CMusashi-l lirttMifcO^S'J^ 

h n-JW£tt«EbTWttifiHB#tefc<fc 0 W;t&Mu s a s h i - 1 Hfl4 

Kl#^MSffiS£TM u s a s h i - 1 »te«M&0 3iF b HJMilltfB* 5 

«fJK«BBa^»fc<k 0 rt=tttt©#»#BB/ffiBBII&##*fc*llfllbT 

#s#aBjia3&*#i5jWiia^^^bbfc©"T?«*:viA^#^., m^mu^mz 

25 £3#^M§T£©TiJ1t&tt£&i*bfco C 5 7 BL/6j£&-7#X©# 
BfcJM&Stf* «M^iM7H, 14H.lfc4X/^?7*M7 

1 6 
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L0 



3) B 3>hD-Jl/«hbT, RPMI 164 0&ttS*£ffl^fc (n= 3)« 

bromodeoxyuridine (BrdU, Sigma ft) «@^0t 
T?«0JIKttl*3tt-^^fc (5 0 mg/k g)« -*tt#ibTtt7y h B r 
dU^#(Abcama)> W^^^m©^^--D>^^^^^ Hu ^^ (Dr 
James £*lJJ3 Lfcft**6*fxo fee 3fefitt*»#fc* 

l,-if-gg«jft (Zeiss *t) §JB^T«®Lfc. frSfl«ttfcHbT«* 
«ft**rr**fcffiV>fc'gelfoam («tt3 5-^» 

&*^£I24B, 04Cl:*t. W-W«S**H4DICw-r. 
Mftl 4HS©i«Wt0^a-n>«UT^§^ 

feB r dUBtti&SJl^aSW***' 7*b-^xaM 
SWfcttliiTJtSTUNE Lfe*fflVife^3SE5fe6*Sfefe#S*SBI4 E 
( ^ to Hu/BrdUrlHtttinUNELlW 

m&miz «fc £sn£ - t sicwr * 
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20 
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4^8itfcBALB/c^^)8WT, *K]fe*-3fc31»»fcH 
fftt h j/--jj--Tfj55BDA (biotinylated dextran amine, 1 
0 0 0 0, Molecular Probes it) SftAU jfe**«M»©«£fc^T 

*fcf*«bfc (n=10).n>hD-i^tt,RPMI 1 6 4 0W 
<n=7). W»fc*>. *m»C*»t*BDAittOW 
iiS, ffft**®*K:flV>*:g e 1 f oam±Hii0fiS^ 

A). + (*W> OH3afc*V>Ttt, 3>bD-^Wtt0BDA 
»tt (0. 5mm^±aift^tt5%©) 0 S 

tt©#«tt****fc<H 5 C, n= 5) 0 ^©g&#©&*^£® 5D(^ 
©S£#J (Exp.Neurol. 1990, Science 1996, J.Neurosci. 2000) tiMM 

20 ^S) 

tt, 2SKT?frofc. Sf|l-ftBBC5 7B 

L/6J£fr (ffilKl 4HS) 1 XI 0 s 

m 1 ©aBJiaSfft-e. DMEM/F12igiH!(:EGF (peprotech 
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25 
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ft) 20ng/ml, FGF-2 (R&Dtt) 20ng/ml> h?> 
77iiJ> (Sigma *fc) 10 0m g/m 1 > "f > a U > (Sigma th) 
2 5M g/m 1 , Progesterone (Sigma ft) 2 0 nM, Sodium selenate 
(Sigma tt) 3 0 nM, Putrescine (Sigma ft) 6 0 tfMSMlft* 

TP I Jfe Betel? fro it <g 1 0 MmJ^±©M£#lltb;rc^ lOOffl 
ft/well fcfc S.fc 5 fc^l"-^ >^bt, »*«IIft 
Vtco tJl^V-^-tt^^ ^ >f'f y*P>y >ft FACS Vantege SE £ , 
L0 fl?#T fctt Clone cyte plus ftffl^fc. #tt*MWIBi:©*«Htfcffl V^*# 
C 5 7 BL/6*Jfc«^tf D CD 1 1 c »tt©U"^ 

-fey h ^^IT 1 X 1 0 3 ~ 1 0 5 «/m 1 ©ffll £5 
fcfiIfSig*i)£4 , fcSmi^ 9 6 weUteS***"^*- h ^ 1 0 0 /i 1 f 
^)iP^.fco n>bn-JVtbT, »fi*in*.fctr>* 

HfT?»SNT- 3 ( 1 ~ 1 0 n g/m 1 ) £«Q-r £S££#P^ 
(neurosphere) £P¥tf n*ffll&*&%*^*$"*fc*' ^ig*5B^^8 

20 gtc, ^no^#^^5-^- D ^ 717 ®^ (®6) Rtf^e 

©#fK (®7) • *fcttbfc££3, -^fe-^-DX7x7^ 

ig^T-S^^^it^UT, W 4* HI ft (DC) L&&m?Z>Z£lZ&V). 

1 0 5 M (10 6 m/m 1 ) primary — zl - □ X 7 ^ 7£^/&bfcW 

1 9 
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20 



<&, secondary Za-OX7^7 (M 1 0 0 fl mSK±) &J&m*-®t 
5 <D secondary ^a-DX7^f 70««i65nM^fcui^6, It 

lit) 

&frl3, C5 7BL/6feff (&SS 1 40S) <D$LM-m$ifc1&&*& 
15 Ht, 1X10 5 M/m 1 ©HMtT'> DMEM/F 1 2i§^tCEG 
F (peprotech *t) 2 0ng/ml, FGF-2 (R&Dft) 20ng 
/m 1 , h7>X7x'J> (Sigma It) 10 0m g /m 1 , "f >v^U 
> (Sigma %b) 2 5m g/m 1 , Progesterone (Sigma 1±) 2 0 nM, 
Sodium selenate (Sigma tt) 30nM, Putrescine (Sigma 1±) 6 0 

v _,$,_£ ffl V>T> PI ^feliT^oEi 1 0 MmttiOtt^^ 
b7c^, 1 0 0 Mm/m l\ZUZ>& o fc^k— >!flstzo 

c 5 7 bl/ emj&m^vxmm&v* m-mm.^mm^. cd 1 1 c 

l^ttOity-fey h§«MiUT, CD Sl^ttcDlJ-yii^ b£CD 8 



25 
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siaiRbfc- n>hP-;vti^t, »i**iin*.fcv>» 
DX7i7^*t^ft) tun*., wmnmrnvmrnttft'otzo mm 

(neurosphere) fclftftl* ^* * 8 

(0 10) £H£ •Mtfci^' -8»^ a -OX7i7 
Si&fc-rSfcfrfcfcHEUT, tftttfllfi (DC) C*ft6f, iMBte (s 
PC), CDS^ttTM (CD 8 — T ) O«f*±l»fci0, #S£^M 

1 0 5 fli©©^M^©^^±m (1 0 6 fli/m 
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